Pulmonary stenosis (PS) can be seen from the right ventricular outflow tract to the peripheral pulmonary arteries. Most frequently, the obstruction occurs at the level of the pulmonary valve; however, it occurs less frequently at the infindibular level within the trabecular component of the right ventricle or within the pulmonary arterial pathways. Lesions at any of these levels can occur as part of more congenital cardiac malformations such as tetralogy of Fallot, complete transposition of great arteries, or atrial septal defect. Isolated supravalvular pulmonary stenosis (iSPS ) is less common than other types of PS. In this study, we present our experience with 4 patients who underwent cardiopulmonary bypass operation for iSPS. In one patient, the circular stenotic area was noted on the touch point of the pulmonary valve. Right ventricular pressures ranged from 70 to 90 mmHg, and the pulmonary artery mean pressures ranged from 14 to 17 mmHg. In all patients, the left ventricular and aortic systolic, diastolic, and mean pressures were moderately increased. Pulmonary artery stenosis was treated successfully using a pericardial or Dacron patch on cardiopulmonary bypass. Various techniques such as balloon dilation have been proposed to deal with this problem, but these may often be unsuccessful because of the elasticity and recoil of the pulmonary artery constrictive ring. Even though endovascular stenting and/or balloon angioplasty have been recently proposed as an initial treatment strategy, they may be associated with some severe complications including pulmonary artery thrombosis or stent migration. Our study, even though it consists of a limited number of cases, suggests that open heart surgery using an oval-shaped patch may be a used as the other main choice for the treatment of iSPS.
A B S T R AC T
Pulmonary stenosis (PS) can be seen from the right ventricular outflow tract to the peripheral pulmonary arteries. Most frequently, the obstruction occurs at the level of the pulmonary valve; however, it occurs less frequently at the infindibular level within the trabecular component of the right ventricle or within the pulmonary arterial pathways. Lesions at any of these levels can occur as part of more congenital cardiac malformations such as tetralogy of Fallot, complete transposition of great arteries, or atrial septal defect. Isolated supravalvular pulmonary stenosis (iSPS ) is less common than other types of PS. In this study, we present our experience with 4 patients who underwent cardiopulmonary bypass operation for iSPS. In one patient, the circular stenotic area was noted on the touch point of the pulmonary valve. Right ventricular pressures ranged from 70 to 90 mmHg, and the pulmonary artery mean pressures ranged from 14 to 17 mmHg. In all patients, the left ventricular and aortic systolic, diastolic, and mean pressures were moderately increased. Pulmonary artery stenosis was treated successfully using a pericardial or Dacron patch on cardiopulmonary bypass. Various techniques such as balloon dilation have been proposed to deal with this problem, but these may often be unsuccessful because of the elasticity and recoil of the pulmonary artery constrictive ring. Even though endovascular stenting and/or balloon angioplasty have been recently proposed as an initial treatment strategy, they may be associated with some severe complications including pulmonary artery thrombosis or stent migration. Our study, even though it consists of a limited number of cases, suggests that open heart surgery using an oval-shaped patch may be a used as the other main choice for the treatment of iSPS.
I N T R O D U C T I O N
Isolated supravalvular pulmonary stenosis (iSPS) is an uncommon clinical condition compared to other congenital cardiac diseases, and it is rarely reported in the literature. Stenosis of the pulmonary arterial tree frequently occurs in association with congenital heart diseases such as tetralogy of Fallot or transposition of the great arteries. The stenosis may be localized centrally (within the pulmonary trunk or right and left pulmonary arteries). Four patients, 3 male and 1 female, underwent operation by means of a full median sternotomy for iSPS during the same period. The ages of the patients ranged from 14 months to 4 years. Preoperatively, echocardiographic examinations and cardiac catheterization were performed in all patients. Preoperative echocardiographic and angiocardiographic findings, postoperative right ventricular pressures, and pulmonary artery gradients are summarized in Table 1 . The ejection fraction ranged from 65% to 82%, and patients' right ventricular pressures ranged from 70 to 90 mmHg. Pulmonary artery systolic, diastolic, and mean pressures ranged from 10 to 16 mmHg, 18 to 22 mmHg, and 14 to 17 mmHg, respectively. In all patients, the left ventricular and aortic systolic, diastolic, and mean pressures were moderately increased. Preoperative angiographic findings, postoperative pulmonary artery pressures, patients' chormosomal studies, and blood calcium levels are summarized in Table 2 .
Three of the 4 patients had perioral cyanosis and diminished exercise tolerance. Midline sternotomy was performed and cardiopulmonary bypass (CPB) was established through aortic and bicaval cannulation with aortic cross clamping. Cardiac arrest was obtained by antegrade delivery of cold crystalloid cardioplegia. The mean pulmonary arteriotomy was performed longitudinally, and the stenotic area was clearly visualized. If there was a circular membrane that caused pulmonary stenosis, it was resected and the pulmonary artery was enlarged using an oval-shaped Dacron or pericardial patch. The average CPB and aortic cross clamp times were 58 ± 8 minutes (range, 50-65 min) and 45 ± 8 minutes (range, 37-55 min), respectively. There were no complications such as low cardiac output, atrial or ventricular arrhythmia, right ventricular failure, or death during the postoperative period. Positive inotropic or chronotropic support was not required for any patient, and digoxin was administered to all patients after the operation. A gradient between the right ventricle and the mean pulmonary artery was found between 10 and 16 mmHg. All patients were discharged home on postoperative day 6 or 8. The patients' serial echocardiographic and physical examinations were normal.
C A S E 1
A 2-year-old boy was admitted to the pediatric cardiology division with perioral cyanosis, a diminished exercise tolerance, and mental retardation. The physical examination revealed that grade 3°/6°systolic murmur could be heard along the left sternal border and that he had chronic liver disease. Routine peripheral blood analysis, electrocardiography (ECG), and chest x-ray film were normal. He had undergone an unsuccessful pulmonary angioplasty for main pulmonary artery stenosis (PAS) 6 months before at another institution. iSPS was seen and a 70 mmHg systolic gradient was detected across the supravalvular pulmonary area by means of transthoracic echocardiography. Left and right heart catheterizations were planned. Systolic, diastolic, and mean pulmonary artery pressures were recorded as 18, 2, and 9 mmHg, respectively, and systolic pressures of 70, 151, and 132 mmHg were recorded across the right ventricle, left ventricle, and the aorta, respectively. The diaphragma-like iSPS was seen in the lateral position of the right heart catheterization ( Figure 1 and Figure 2 ). He underwent operation and the stenotic segment of the main pulmonary artery was enlarged with an oval-shaped Dacron patch that was sutured with a 6/0 polypropylene suture. In the postoperative period, echocardiography did not reveal any significant gradient on the pulmonary artery. He was discharged from the hospital on postoperative day 7. Six months after the operation, serial echocardiographic examinations were normal.
C A S E 2
A 16-month-old boy was referred to our institution and presented with a recurrent upper airway infection and mental and physical retardation. In the physical examination, a grade 3°to 4°/6°systolic murmur was heard along the left sternal border. Routine peripheral blood analysis, ECG, and chest xray film were normal. There was no chromosomal anomaly in his genetic research. iSPS was noted and transthoracic echocardiography recorded a 70-mmHg systolic gradient across the supravalvular pulmonary area. Left and right heart catheterizations were performed. Systolic, diastolic, and mean pulmonary artery pressures were recorded as 25, 8, and 17 mmHg, respectively. Systolic pressures of 65, 110, and 80 mmHg were recorded across the right ventricle, left ventricle, and the aorta, respectively. The diaphragma-like iSPS was seen in the lateral position of the right heart catheterization. He underwent operation and the stenotic segment of the main pulmonary artery was enlarged with an oval-shaped Dacron patch that was sutured with a 6/0 polypropylene suture. A 10-mmHg systolic gradient was noted on the pulmonary artery. He was discharged home with good clinical results. Three and 6 months after the operation, serial echocardiographic examinations were normal.
C A S E 3
A 14-month-old girl was brought to our hospital for evaluation of palpitation, diminished exercise tolerance, and peri- The Heart Surgery Forum #2005-1022 oral cyanosis developing during crying. Routine blood analysis, ECG, and chest x-ray film were normal. A systolic murmur was heard on the left parasternal border. Transthoracic echocardiography and cardiac catheterization demonstrated supravalvular pulmonary stenosis. The left ventricular end diastolic and end systolic pressures were 20 mmHg and 11.6 mmHg, respectively. In addition, there was a supravalvular stenotic area developing on the touch point of the pulmonary valve in this patient (Figures 3-5 ; the serial echocardiographic findings are presented in Figure 6 ). She also had a patent foramen ovale. A 70-mmHg systolic gradient was found between the right ventricle and part of the supravalvular pulmonary area. Surgical correction was carried out using the standard CPB technique. Supravalvular stenosis was repaired with a pericardial patch and the patent foramen ovale was closed. Pulmonary artery gradient diminished to 12 to 14 mmHg. She was in good health with normal exercise tolerance. She was discharged from the hospital on the sixth day. Six months after the operation, physical and transthoracic echocardiographic examination and the performance status were normal.
C A S E 4
A 4-year-old girl without any symptoms was referred from another hospital to our Pediatric Cardiology unit because she was suspected of having a congenital heart defect. The physical examination revealed only that a grade 2°to 3°/6°systolic murmur could be heard along the left sternal border. Routine blood analysis, ECG, and chest x-ray film were normal. Supravalvular pulmonary artery stenosis was noted and a 60-mmHg systolic gradient was detected across the supravalvular area of the main pulmonary artery by means of transthoracic echocardiography, and left and right heart catheterizations were performed. Systolic, diastolic, and mean pulmonary artery pressures were recorded as 18, 10, and 14 mmHg, respectively. Systolic pressures of 60, 115, and 120 mmHg were recorded across the right ventricle, left ventricle, and the aorta, respectively. An iSPS was seen in the lateral position of the right heart catheterization. In the operation, a segment of the stenotic main pulmonary artery was enlarged with an oval-shaped Dacron patch that was sutured with a 6/0 polypropylene suture. In the postoperative period, echocardiography did not reveal any significant gradient on the pulmonary artery. She was discharged from the hospital on postoperative day 6. Serial echocardiographic examinations revealed cardiac functions were normal, and the supravalvular pulmonary gradient disappeared.
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D I S C U S S I O N
PAS can be seen from the right ventricular outflow tract to the peripheral pulmonary arteries. Most frequently, the obstruction occurs at the level of the pulmonary valve; it occurs less frequently at the infindibular level within the trabecular component of the right ventricle or within the pulmonary arterial pathways. The typical cardiovascular findings in iSPS are a normal first heart sound, a systolic ejection click, and an ejection systolic murmur.
Only a few reports concerning iSPS were found in our research of the literature. In 1967, Schlesenger and Meester reported 14 patients with iSPS, and Roberts and colleagues later reviewed 15 patients with iSPS [Schlesenger 1967; Roberts 1973] . Although isolated stenosis of the pulmonary arteries can also occur in various parts of the pulmonary arterial tree and is frequently associated with congenital rubella [Rowe 1963 The Heart Surgery Forum #2005-1022 patients did not reveal any evidence of infection or drug ingestion. Hastraiter et al reported that the pulmonary vasculature was invariably involved in the congenital Rubella syndrome. There was a thin supravalvular diaphragma with poststenotic dilatation on the angiographic examination [Hastraiter 1967 ].
On the other hand, stenosis of the pulmonary artery is frequently associated with complex congenital heart diseases such as tetralogy of Fallot, complete transposition of great vessels, or supravalvular aortic stenosis. One of our patients had patent foramen ovale and no signs of physical appearance of Williams or Alegille syndrome. Two patients had mental retardation.
We did not perform any histopathologic examination from the resected pulmonary tissue, but medial elastic tissue with intimal proliferation has been defined as an etiologic mechanism by Rowe et al in their reported cases [Rowe 1978] .
The typical indicator of iSPS is an elevated right ventricular pressure in the presence of normal systemic arterial pressure. According to the literature, and as occurred in our cases, right ventricular and proximal pulmonary arterial pressures are elevated. The pulmonary arterial systolic pressure rose before the pulmonary valve was crossed. When the systolic pressure falls below 60 mmHg it is considered a mild stenosis. The degree of right ventricular hypertension is the main indicator of severity. All of our patients had severely increased right ventricular pressure and 3 of the 4 were symptomatic. The cardiothoracic ratio was normal in all patients except for one who had mild right ventricular enlargement apparent in the chest x-ray films. In every patient, the right ventricular angiogram showed a constant segmental area or narrowing, simulating a diaphragma in the main pulmonary artery, approximately 1 to 1.5 cm distal to the pulmonary valve. Interestingly, a supravalvular stenotic area was recorded on the touch point of the pulmonary valve in one patient. This finding leads us to possibly conclude that this chronic valvular traumatic effect may be the cause of iSPS development. There was no evidence of hypertrophic cardiomyopathy, subvalvular PAS, or poststenotic pulmonary artery dilatation in any patient. The aortic valve and supra-aortic area were normal.
Surgical or interventional alternatives such as percutaneous balloon angioplasty and/or stenting are suggested for the relief of the pulmonary artery and/or its branch stenosis. The success rate of this treatment plays a central role in the long-term outcomes [Arnold 1988; Rothman 1990; Hosking 1992; Castenada 1994; Fogelman 1995] . However, the success rate and the rate of complications due to angioplasty procedure in the Hosking study were reported as 53% of cases and 5% of cases, respectively [Hosking 1992 ]. On the other hand, stents are rarely used in infants because stents do not grow as the patient grows [Castenada 1994 ]. Pulmonary artery dilation using a percutaneous balloon sometimes requires the use of endovascular stents and fails because of marked vessel compliance, which usually leads to kinking or folding of the vascular channel. Although the safety of catheter dilation of pulmonary arteries has improved with experience, morbidity persists and rare deaths continue to occur during the process of balloon dilation because the intima and media begin to tear before the pulmonary artery enlarges [Hosking 1992; Castenada 1994] . Prevention of recoil allows stents to dilate the pulmonary artery branches more effectively than balloon dilation alone. But stents may promote intimal hyperplasia in pulmonary arteries, causing late stenosis, and do not grow as the child grows. In addition, it is hard to position them accurately in a vascular tree with short segment vessels [Castenada 1994] , and the proximity of the pulmonary valve prohibits the use of a stent. As a result, we preferred open heart surgery in the described iSPS cases. In the long-term follow-up, no symptoms were observed and there was no evidence of residual gradient in the echocardiographic examinations.
The surgical approach prevents the intimal or medial tearing, and, if necessary, the surgeon can resect the pathologic area and perform an end-to-end main pulmonary artery anastomosis safely under CPB. Recently, Bacha et al have reported a different technique for the repair of iSPS without using the patch [Bacha 2004 ]. Findings and the technical approach for the surgical management of stenosis of the branch pulmonary artery has been published by McGoon and Kincaid [1964] . This described technique proposed for selected cases requires extensive pulmonary mobilizing. Therefore, we recommend using our surgical approach in particular cases such as these because it can be performed easily and does not need extensive pulmonary mobilization. In each case, a vertical incision was made through the narrowed area and was sutured horizontally with a rectangular Dacron or pericardial patch. The remaining gradient was found on the pulmonary artery between 10 to 16 mmHg.
Increasing right ventricular hypertrophy on the ECG or echocardiogram suggests that the patient has entered the severe category and relief should not be delayed. Balloon angioplasty was the first treatment undertaken, as reported by Hosking et al [1992] . They reported good immediate results in about half of their patients; however, restenosis developed in 17% of their cases. On the other hand, Fogelman and colleagues have reported successful results with the use of endovascular balloon-expandable stents in 42 patients [Fogelman 1995] . However, 29 cases needed recatheterization and various degrees of acquired intraluminal narrowing were documented in their study. In the same study, 15 stents required redilation because of intraluminal stent obstruction. Furthermore, the chance of complications due to percutaneous dilation may increase during the intervention. Also, the clinical follow-up for these cases was too short.
In conclusion, we suggest that enlargement of the supravalvular PAS with a pericardial or Dacron patch is safe and technically easy under CPB and has provided good results during chronic follow-up in infants with iSPS; however, successful treatment is achieved by balloon dilation for accompanying pulmonary artery branch stenosis. Unsuccessful results recognized after CPB can be corrected by recreation of the patching using the same operation. 
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